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Early renal changes in hemizygous and heterozygous patients
with Fabry's disease. Renal biopsy specimens were obtained for
light and electron microscopy in 12 patients with Fabry's disease
(9 hemizygous males and 3 heterozygous females), ranging in age
from 7 to 51 yr. Renal function and blood pressure were normal in
all patients. In hemizygous patients, diffuse glycolipid accumula-
tion was observed early in life in every glomerular, vascular, and
interstitial cell; tubules were involved irregularly, predominantly
in distal convoluted tubules and Henle's loop. In heterozygous
females, the glycolipid storage had the same morphological fea-
tures but was found irregularly, being absent in one patient and
present patchily in the 2 others: some cells were normal, others
were involved massively. Associated degenerative renal changes
were present in all patients but one (a heterozygous female) and
were clearly age-related. They first affected vessels as round
fibrinoid deposits resulting from necrosis of severely involved
smooth muscle cells. In older patients, intimal thickening was
superimposed, and degenerative glomerular and tubular changes
were noted. They may have been related partly to ischemic dam-
age. In addition, mesangial cell necrosis could have contributed to
the development of glomerular sclerosis. Our findings in heterozy-
gotes are consistent with Lyon's hypothesis of X chromosome
inactivation in each female cell. They suggest that renal glycolipid
involvement and urine cr-glactosidase activity are closely related.
They provide theoretical evidence against the possible benefits of
enzyme replacement therapy.
Lesions renales precoces chez les sujets hemizygotes et heterozy-
gotes atteints de maladie de Fabry. Les biopsies rénales de 12
malades âgés de 7 a 51 ans (9 sujets hemizygotes et 3 heterozy-
gotes) ont été étudiées en microscopie optique et electronique.
Tous avaient une fonction rénale et une pression artérielle nor-
males. Chez les sujets de sexe masculin, hémizygotes, l'ac-
cumulation de glycolipides est précoce et diffuse, présente
dans toutes les cellules glomérulaires, interstitielles et vasculaires.
Dans les tubes la surcharge est irrégulière et prédomine sur les
tubes contournés distaux et les anses de Henle. Chez les femmes
transmettrices l'aspect est moms monomorphe: la surcharge est
absente chez une malade, elle est présente chez les deux autres
mais touche irrégulierement les cellules tant glomerulaires, inter-
stitielles et vasculaires que tubulaires. Les lesions degénératives
du parenchyme renal, associées a Ia surcharge, sont présentes
dans tous les cas saufchez une des transmettrices, leur sévérité est
corrClée avec l'âge des malades. Elles touchent d'abord les vais-
seaux sous la forme de dépôts fibrinoides arrondis presents dans la
paroi musculaire des artères; ces depots sont la consequence de la
nécrose des cellules musculaires surchargées de glycolipides.
Chez les sujets plus aux lesions de la media s'associe une
endartérite, et des alterations degeneratives glomerulaires et tubu-
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laires apparaissent, probablement secondaires aux alterations vas-
culaires. La nécrose des cellules mesangiales peut egalement inter-
venir dans la genèse des lesions glomérulaires. Nos observations
chez les heterozygotes sont compatibles avec l'hypothese de M.
Lyon concernant l'inactivation d'un chromosome X dans chaque
cellule feminine. Elles suggèrent l'existence d'une correlation
étroite entre l'importance de la surcharge du parenchyme renal et
le taux urinaire d'a-galactosidase. Elles jettent un doute sur le
bénéfice qu'on peut attendre des therapeutiques enzymatiques
substitutives.
In most hemizygous males with Fabry's disease,
progressive renal failure is the main cause of death in
the fourth decade of life. Visceral changes result
from the accumulation of ceramide-trihexoside
(CTH) because of the deficiency of an a-galactosi-
dase, the ceramide-trihexosidase [1]. The enzymatic
defect is transmitted as a recessive X-linked gene.
Biochemical investigation has provided a means of
identifying carriers of Fabry's disease [2, 3]: in het-
erozygous females, the mean a-galactosidase activi-
ty in leucocytes, fibroblasts, serum, urine, and tears
is 50%, ranging from the values found in hemizygous
to normal values. A few heterozygotes may progress
to renal failure [4—10], but urinary abnormalities are
usually lacking.
The characteristic renal lesions of Fabry's disease
have been described well in hemizygous patients.
Most of the studies have been based on examination
of either autopsy or pretransplantation nephrectomy
material, [4, 11—18] of renal biopsy specimens from
patients with proteinuria [4, 19—25] and/or renal fail-
ure [24, 26, 27]. Early renal changes in hemizygous
patients without renal symptoms have been docu-
mented rarely [28—33]. Morphologic studies have
been performed thus far in only three asymptomatic
carriers [10, 28, 32]. Moreover, clear information is
not yet available concerning the nature of the pro-
gressive morphological changes that lead to renal
failure.
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We recently had the opportunity to perform renal
biopsies in 12 patients with normal renal function: 9
hemizygous males and 3 heterozygous females.
Specimens from 10 patients were studied by electron
microscopy. The purpose of this report is to describe
the early renal lesions of the storage disease and to
focus attention on the features of superimposed
degenerative changes. We believe that these changes
are responsible for the progressive renal damage
leading to renal insufficiency.
Methods
Twelve new patients with Fabry's disease were
studied during the last years. Clinical data concern-
ing 11 of these 12 patients have been reported previ-
ously [34—36] and are summarized again in Table 1.
Nine patients were males (ages, 11 to 29 yr) and 3
were females (ages, 8, 22, and 51 yr). Five patients
(patients 3, 4, 7, 11, and 12) belonged to the same
kindred; the three hemizygous males were brothers.
Patients 2 and 10 were siblings.
Urinalysis was performed in all patients. In 4 of
them (patients 4, 5, 7, and 8), proteinuria was present
and ranged from 0.5 to 2 mg/mm. The creatinine
clearance, corrected for body surface area, was
above 100 mI/mm in all subjects except patient 12 in
whom it was 80 mllmin. Blood pressure was within
normal range. Angiokeratomas were found in all
patients except 2 heterozygoiis females; in some,
only after careful examination. Corneal opacities
were detected by slit lamp examination in 11
patients.
Determinations of a-galactosidase A activity were
performed in purified homogenates of leukocytes
from all patients by using 4-methyl-umbelliferyl-a-D-
galactopyranoside as the substrate, thus substantiat-
ing the presence of a hemizygous or heterozygous
state.
Needle biopsy specimens of the kidney were
obtained in each of the 12 patients. The tissue was
divided quickly into 3 parts. One part was frozen,
and the 2 others were fixed for light and electron
microscopy. However, in 2 patients (patients 5 and
8), renal tissue was not available for electron micros-
copy. The techniques used were identical to those
described previously [37].
Additional studies were performed in patient 11:
determination of a-galactosidase A activity in urine
and hair roots, and ultrastructural study of skin and
conjunctival biopsy specimens.
Results
Hemizygous patients (9 patients)
Renal morphological alterations were present in
specimens from all patients. Two types of lesions
were observed in every patient; the characteristic
alterations were those related to lipid storage and
non-specific degenerative changes.
Characteristic lesions
Light microscopy. The most striking feature was
the diffuse honeycomb appearance of the glomeruli:
all podocytes were enlarged and had an abundant
cytoplasm filled with numerous, small, clear vacu-
oles. The changes were less marked in the epithelial
cells of Bowman's capsule. In only two cases, the
Table 1. Clinical and biological data of patients with Fabry's disease
Patient
no.
and
sex
Yr of
birth
Age at
renal
biopsies
yr
Pains
(age at
Onset)
Angio-
keratoma
Corneal
Opacities
Proteinuria
mg/mm
a-Galactosidase
activitya
1, M
2, Mb
3, MC
4, MC
5, M
6, M
7,MC
8, M
9, M
1964
1964
1956
1955
1951
1950
1948
1948
1943
11
12
19
20
22
25
27
28
29
+
—
+
+
+
+
+
+
+
(9 yr)
(7 yr)
(10 yr)
(8 yr)
(7 yr)
(l2yr)
(6 yr)
(8 yr)
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
0
0
0
0.6 to 1
0.5
0
l.7to2
2
0
4 (1)
7.5 (2)
1.3 (1)
4 (1)
2% (3)
6.6 (1)
4 (1)
4.6 (1)
0.9 (4)
10, P
11, P
12, P
1967
1954
1924
8
22
51
—
—
+ (10 yr)
+
0
0
+
0
+
0
0
0
8.5 (2)
10 (1)
13 (1)
a Normal ranges for a-galactosidase activity were specified as follows: (1)20 to 60 mmole mt1 hr1, Dr. N. Baumann, Paris; (2)22 2
mmole ml' hr', Dr. C. Polonowski, Paris; (3) 100%, Dr. J. C. Maziere, Dr. C. Polonowski, Paris; (4) 10 mmole m11 hr1, Dr. R. J.
Desnick, Minneapolis.
IC Patients 2 and 10 were siblings.
These patients belonged to the same kindred.
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storage was observed both in endothelial and mesan-
gial cells. The endothelial cells and the smooth mus-
cle cells of the arteries were also swollen and vacuo-
lated. In tubules, the foamy appearance of epithelial
cells was patchy throughout the kidney. In some
tubular sections, normal and large vacuolated cells
were found contiguously. Distal convoluted tubules
and Henle's loops frequently were involved, while
proximal tubules were usually normal. In heavily
laden tubules, however, it was difficult to identify
which segment was affected. On the whole, glomeru-
lar storage was similar in all patients. The intensity of
tubular changes was uneven, but the degree of
involvement was not clearly related to the age of the
patients (Table 2).
In the paraffin-embedded specimens, vacuoles of
the involved cells looked empty, and staining with
PAS and lipid-soluble dyes was negative. On the
other hand, the silver-stained ultrathin sections of
epoxy-embedded specimens showed that dense os-
miophiic and argyrophilic granules were stored
within the vacuoles.
Electron microscopy. Inclusions (granules) were
found in all types of renal cells. They were electron
dense, located in the cytoplasm. They measured 0.3
to 10 p. in diameter, but their size, shape, abundance,
and distribution varied from one type of cell to
another. Usually, they were surrounded by a single
unit membrane, but some of them of larger size were
free in the hyaloplasm. Rarely, dense bodies looked
amorphous. Most often, they had a coarsely lame!-
lated appearance. They were either round with a
concentric onion-skin structure or ovoid with a par-
allel arrangement of dense layers. Some had a more
complex array of dense lamellae. Clear spaces seen
within the dark bodies or between them and the
peripheral unit membrane were often empty, but
some contained a slightly granular matrix. In both
types of inclusions, amorphous and lamellar bodies,
high magnffication revealed the same characteristic
pattern of the dense material, i.e., the regular
arrangement of alternatively light and dark leaflets
with a periodicity of 40 to 50 A.
In the glomeruli, inclusions were present in every
cell (Fig. 1). All podocytes were greatly enlarged by
numerous intracytoplasmic granules which mea-
sured 1 to 3 p. in diameter. Some were larger (up to 6
p.). Onion skin structures predominated. Some nuclei
seemed hatched and pushed away by large dense
granules. In contrast with this huge lipid involve-
ment, the cytoplasmic organelles, the foot processes,
and the glomerular basement membrane were gener-
ally normal. In the epithelial cells of Bowman's cap-
sule, the inclusions were numerous but smaller,
ranging from 0.5 to 3 p.. They were filled with a
pleomorphic material: paralleled array of short la-
mellae, curved layers, microspherules with a clear
center. In the mesangial and endothelial cells, the
inclusions were smaller than in podocytes, with a
diameter of 0.3 to 2 p.. When numerous, they in-
volved nearly all the cytoplasm of mesangial cells,
and they enlarged the endothelial cells which bulged
into the capillary lumens.
In tubular epithelia! cells, the degree of lipid stor-
age varied according to the segment of tubules af-
fected: it was mild in proximal segme nts where it was
Table 2. Morphologic data from light microscopy of biopsy specimens from patients with Fabry's diseasea
Lipid storage Degenerative changes
Glomeruli
—_____________________
Tubules Arteries Glomeruli Tubules
Arteries
-_______________
Age at
renal Endo- Endo- Atrophy +
Patient biopsy Podo- capillary Capsular Henle thelial Muscular Total interstitial Fibrinoid Intimal
no. Sex yr cytes cells cells PCT DCT loops cells cells no. FGO FSH fibrosis deposits thickening
1 M 11 ++± 0 + + ++ + + + 25 0 0 0 + 0
2 M 12 +++ 0 ++ + ++ + + ++ 15 0 0 + + 0
3 M 19 +++ 0 + + ++ ++ ++ + 5 0 0 + ++ 0
4 M 20 +++ 0 + 0 + ++ + ++ 11 1 0 + ++
5 M 22 +++ 0 + 0 + ++ + + 6 I I + ++ +
6 M 25 +++ 0 + 0 ++ — + + 10 0 0 ++ ++ ++
7 M 27 +++ 0 ++ 0 + — + -t-.- 7 3 3 ++ ++
8 M 28 +++ + + 0 ++ ++ + + 9 1 1 ++ ++ +
9 M 29 +++ + ++ + ++ ++ + ++ 8 2 0 +++ ++ ++
10 F 8 -4--- 0 + 0 + + 0 + 8 0 0 0 0 0
II F 22 0 0 0 0 0 0 0 0 15 0 0 0 0 0
12 F 51 ++ 0 + 0 + + + + 25 3 2 + +++ ++
Abbreviations used are PCI', proximal convoluted tubules; DCT, distal convoluted tubules; FGO, focal and global obsolescence; FSH, focal and
segmental hyalinosis.
Morphologic changes were graded as follows: 0 = normal, + mild, ++ = moderate, +++ = diffuse and severe, — = not examined.
In glomerular degenerative changes, the total number of examined glomeruli and the number of affected glomeruli are indicated.
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Fig. 1. Patient I) Electron micro graph: Glomerulus. The podocytes present numerous large osmiophilic inclusions, but foot processes and
basement membranes are normal. The storage is less important in endothelial cells (E), mesangial cells (M), capsular cells (C) (x4,900).
Inset shows periodic organization of glycolipids in the inclusions (x 100,000).
accompanied by changes of the brush-borders; it was
more marked and affected many more cells in loops
of Henle and distal tubules (Fig. 2). In these seg-
ments, involved cells were strikingly enlarged by the
presence of a high number of giant granules, measur-
ing as much as 10 t in diameter.
All interstitial cells contained dense inclusions
(Fig. 3).
In the vessels, endothelial cells of peritubular cap-
illaries, pericytes, endothelial and smooth muscle
cells of small or medium-sized arteries were involved
by the lipid storage (Figs. 3, 4). The granules were
0.3 to 3 t in diameter. In some muscular cells, the
striped granules were so abundant that the normal
cytoplasmic organelles and myofilaments had disap-
peared. In the endothelial cells, the lamellar bodies
exhibited a marked pleomorphism (Fig. 3); the swol-
len cytoplasm often protruded into the vascular
lumen.
Some dense bodies were present in Bowman's
space and in tubular lumen and were not surrounded
by a membrane.
Non-spec itic changes
Non-specific changes were present in all patients,
but their degree and extent were clearly related to
age (Table 2).
Light microscopy. In 6 patients (patients 4 to 9;
Table 2), in addition to lipid storage, degenerative
glomerular lesions were present: focal and global
glomerular obsolescence was seen in 5 patients, focal
and segmental hyalinosis andlor sclerosis was noted
in 3, and wrinkling of the capillary walls leading to
capillary collapse was frequent. Focal mesangial
deposits were present in 5 patients. Clear subendoth-
elial deposits were observed in 2; in patient no. 9,
they were diffuse in the affected glomeruli. "Double
contours" appearance of the capillary walls was
found occasionally.
Foci of tubular atrophy and interstitial fibrosis
were present in 8 patients, numerous in 3, and very
extensive in one.
The most constant and peculiar lesion was the
presence of round fibrinoid deposits within the media
of arteries. They were observed whatever the caliber
:-?i9.C..
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Fig. 2. Patient 3) Electron micrograph: Distal tubule. Massive
involvement of the cytoplasm by numerous large inclusions is
shown. Cytoplasmic organites are rare but normal (—*). The nu-
cleus is pushed out but normal (N) (> 6,600).
of the vessels and were especially numerous in the
afferent arterioles. The number and size of such
deposits varied from one patient to another; they
were present in all patients but very scarce in patient
1; they were the only arterial lesion in 3 patients
(patients 1, 2, 3), but in 6 patients they were associ-
ated with intimal thickening due to hyaline deposits
and splitting of the internal elastic lamella; focal
arterial obstruction was observed in 2 patients
(patients 5 and 9).
Electron microscopy. Usually, the glomerular
basement membrane had a normal ultrastructure: the
lamina densa was homogeneous and had an uniform
normal thickness. In most cases (7/9), however, seg-
mental wrinkling and thickening of the capillary
walls were present and frequently associated. Wrin-
kling (Fig. 5) and tortuosity of the capillary walls
were either limited to the basement membrane adja-
Fig. 3. Patient 3) Electron micrograph: Peritubular capillary.
Dense "amorphous" inclusions (A —) and spindle-shaped (S —)
and racket-shaped (R —*) bodies are present in the endothelial
cells. Inclusions are seen in fibroblasts (F —) (x5,200).
cent to the mesangial stalks, or involved all the
capillary loops or even the whole glomerulus. The
thickening was due to the widening of the lamina rara
interna by an electron-lucent, fluffy, slightly fibrillar
material. In contact to these lesions, epithelial cells
disclosed extensive fusion of foot processes; focal
epithelial necrosis occasionally was seen adjacent to
shrunken capillary loops. Aggregates of platelets
were present in 2 patients (patients 2 and 7). The
mesangial stalks were diffusely enlarged in 4
patients, with marked increase in mesangial matrix.
Focal expansion of mesangial cells and matrix along
the peripheral capillary loops formed occasional
"double contours." Finely granular deposits were
seen focally in enlarged mesangial matrix and were
prominent near the vascular pole. Striated curvilin-
ear membranous structures and dense lamellae were
present within the deposits (Fig. 6). Similar deposits
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Fig. 4. Patient 2) Electron micro graph: Artery. There is diffuse but irregular lipid storage in smooth muscle cells (M —*) and in endothelial
cells (E —). There are a few round deposits (D —); one of them is included within the extracellular material (D —*) (x4,500). Inset shows
striated membranous structures (thickness of 200 to 250 A, periodicity of 65 to 85 A) (X 54,500).
in subendothelial location occluded adjacent loops
and were surrounded by a loose basement-mem-
brane-like material (patient 4, Fig. 7).
In addition to lipid accumulation, some tubules
were atrophic with a thickened basement membrane.
Other tubules were shrunken without apparent lipid
storage: the tubular basement membranes were
thickened and wrinkled, the tubular epithelial cells
had lost their specific characteristics and were sepa-
rated from the tubular basement membrane by a
loose clear material in which electron dense particles
reminiscent of intracellular organelles were present.
In arteries, round deposits were located between
muscular cells (Fig. 4) but separated from them by
ribs of interstitial substance. In most cases, they
seemed to be included within this extracellular mate-
rial, but occasionally they were focally limited by an
obvious single unit membrane (Fig. 8). They had a
complex structure and were formed by the combina-
tion of 2 closely intermingled components: striated
membranous structures and granular material (Fig.
8). Striated membranous structures appeared as cur-
vilinear or convoluted ribbon-like formations with a
thickness of about 200 to 250 A. They were always
encompassed with an osmophilic, finely granular,
ground material. In some sections, nearly all muscu-
lar cells had disappeared (Fig. 9). The presence of
both membranous structures and residues of dense
laminated bodies (Fig. 8) support the evidence that
round deposits are most likely remnants of altered
muscular cells.
Heterozygous patients (3 patients)
Morphologic alterations characteristic of lipid
storage were present in 2 patients (patients 10 and 12)
and were completely absent in patient 11. Degenera-
tive changes were marked in patient 12, who was 51
yr old (Table 2).
Characteristic lesions
Light microscopy. The renal biopsy specimen of
patient no. 11 was normal. In patients 10 and 12, lipid
storage was present with the same distribution as in
hemizygous patients (Table 2), but involvement was
milder. Vacuolization was moderate in podocytes
and mild in epithelial cells of Bowman's capsule; it
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Fig. 5. Patient 7) Electron micrograph: Glomerulus. There is
wriniding of the basement membrane (W —f) with focal fusion of
foot processes and with preservation of the capillary lumens.
Dense inclusions in podocytes (P —), endothelial (E —), and
mesangial cells (M —+) are present (x5,000).
was not seen in endothelial and mesangial cells. The
epithelial cells of the distal convoluted tubules and of
the ioops of Henle were involved focally. Vacuoliza-
tion of the smooth muscle cells of arteries was mild
but present in both patients 10 and 12, while swelling
of endothelial cells was only observed in patient 12.
Electron microscopy. Eight blocks from patient 11
were carefully screened: myein figures were found
in a few cells, but there were no characteristic inclu-
sions. On the contrary, electron dense bodies were
present in patients 10 and 12. The granules were
identical to those observed in the hemizygous
patients, including the same periodicity. The irregu-
lar involvement of glomerular, interstitial, and vascu-
lar cells, however, was remarkable. In the glomeruli,
some podocytes were strikingly enlarged and con-
tained a large amount of round or oval-shaped inclu-
sions; the others looked normal. The same patchy
Fig. 6. Patient 9) Electron micrograph: Glomerulus. Striated
membranous structures (—+) with residue of glycolipid material
(—*), are present in the mesangial stalk (x 11,000).
involvement was noted in mesangial and endothelial
cells of the tufts, and in Bowman's cells. In the blood
vessels and in interstitial tissue, the same irregular
pattern of lipid storage was observed. Focal but
numerous osmophilic inclusions were seen in the
distal part of the tubules.
Non-specific alterations
Light microscopy. Degenerative renal changes
were absent in patients 10 and 11. Alterations were
severe in patient 12 whose renal biopsy showed focal
glomerular sclerosis, focal tubular atrophy, and
interstitial fibrosis, and diffuse arterial lesions. Vas-
cular lesions were characterized by widespread fibri-
noid deposits located within the arterial media and
marked intimal thickening.
Electron microscopy. Characteristics of the round
deposits were those described in hemizygous
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Fig. 7. Patient 4) Electron micrograph: Glomerulus. Focal and segmental hyalinosis is shown. Adjacent capillary loops are obliterated by a
granular osmiophiic material where striated membranous structures are present (—*). They are surrounded by a loose membranoid material
(—) including necrotic epithelial cells (E —) (x6,400).
patients. They were very scarce in patient 10. Ultra-
structural lesions of glomeruli in patient 12 consisted
of extensive wrinkling of the capillary ioops and
large clear subendothelial deposits (Fig. 10). Such
alterations were frequently seen in capillary loops
whose cells were devoid of lipid accumulation. Focal
tubular atrophy was present (Fig. 11).
Immunofluorescent studies. These were per-
formed in 3 hemizygous patients (patients 2, 4, and 9)
and in 2 heterozygous females (cases 11 and 12). No
deposit was seen in patient 11. Focal deposits of/31C
(patients 2, 4, and 12) or 1gM (patient 9) were
observed in the walls of arterial vessels.
Discussion
The present results are based on the histopatholog-
ical study by light and electron microscopy of renal
biopsy specimens from nine hemizygous and three
heterozygous patients with Fabry's disease, ranging
in age from 7 to 51 yr. Two types of lesions were
observed: 1) The accumulation of glycolipid, which
is the hallmark of the disease, was fuily developed
early in life and was similar whatever the age of the
patients. It was distributed homogeneously through-
out the vessels and glomeruli in hemizygotes, where-
as it was irregularly found in heterozygotes. 2) Age-
related degenerative changes first involved the ves-
sels. It is likely that the latter lesions contribute to
the development of glomerular and tubular damage
and progressive scarring of the kidney.
Lipid storage was observed by light microscopy in
the kidneys of all nine male patients. Arterial vessels
were affected diffusely, with the lipid storage involv-
ing both endothelial and smooth muscle cells. Glyco-
lipid accumulation was also found in glomerular and
tubular structures: in glomeruli, lipid storage was
marked in podocytes, milder though evident in Bow-
man's capsular cells, and noted occasionally in mes-
angial and endothelial cells (patients 8 and 9). In
tubules, glycolipid storage was prominent in the dis-
tal parts of the nephrons but, in heavily laden
tubules, it was difficult to identify the involved seg-
ment. The presence of lipid storage was first
iWnj, 'I .- '\ 1
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Fig. 8. Patient 2) Electron microg.'aph: Artery. Detailed is a
deposit, focally limited from the extracellular material by a clear
unit membrane (—*). Smooth muscle cells (M —*); elastica interna
(El) (x 9,500).
described in arteries [11] and then in glomeruli and
tubules [4, 19, 26, 29L the predominance of lipid
accumulation in distal convoluted tubules and
Henle' s loops has been reported frequently [4, 16,
17, 19, 27, 29, 32].
In all hemizygous patients, glycolipid accumula-
tion was observed by electron microscopy in every
glomerular, vascular, and interstitial cell, even when
normal in appearance by light microscopy. In con-
trast, lipid storage was patchy in tubular cells. Since
the enzyme deficiency is present in every cell, the
irregular distribution of tubular storage lesions may
suggest that vacuolization results from pinocytosis or
reabsorption of the filtered material, predominantly
in the distal nephron.
Lipid inclusions had a characteristic ultrastruc-
ture: they were dense, osmiophilic, and usually
coarsely lamellated with various arrangements of
Fig. 9. Patient 4) Electron micro graph. Arteriole. There is necro-
sis of nearly all smooth muscle cells (—p) (X5,000).
dense lamellae. High resolution examinations always
revealed within the dense material the regular alter-
nance of clear and dark layers with a periodicity of 40
to 50 A. Periodicities of 40 to 50 A 1114] and of 50 to
98 A [16, 21, 32, 33] have been described previously
in renal inclusions. The presence of the stored mate-
rial within cytoplasmic vacuoles surrounded by a
single unit membrane suggests their lysosomal loca-
tion; another evidence is the demonstration by Hash-
imoto, Lieberman, and Lamkin of acid phosphatase
activity within membrane-bound inclusions [38].
As shown by Tondeur and Resibois 132] in two
patients (ages, 6 and 12 yr) diffuse and marked gb-
merular lipid storage is present early in life in hemi-
zygotes (patients 1 and 2). The only exception is a 5
yr-old male in whom the biochemical diagnosis of
Fabry's disease was not documented [391. Contrast-
ing with the huge lipid storage of podocytes, the
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Fig. 10. Patient 12) Electron micrograph: Glomerulus. Clear subendothelial deposits (—+) with focal fusion of foot processes are present. It
is noteworthy that podocytes and endocapilary cells are free from lipid storage (x7,650).
normality of glomerular basement membrane has
been emphasized in patients ranging in age from 6 to
35 yr [19—21, 23, 311!, and this is confirmed in our
series. In relation with this finding, it should be
stressed that proteinuria is a late symptom, and the
nephrotic syndrome has not been reported so far in
patients with Fabry' s disease. While the extent of
storage lesions is not strikingly different in the older
patients, degenerative changes increase with age
(Table 2). The question remains open therefore as to
how renal histopathological changes progress in
hemizygous to end-stage kidney failure. This issue
has not been adequately studied.
In our series, the earliest and the most constant
degenerative alteration was arterial fibrinoid depos-
its. Such arterial lesions had been observed previ-
ously liii, 13, 22, 24, 271, but their nature has not
been elucidated as yet. We suggest that fibrinoid
deposits result from necrosis of severely involved
muscular cells. Evidence for this hypothesis is their
localization in place of muscular cells, and their ul-
trastructural features: presence of striated membra-
nous structures [40], remnants of dense bodies,
focal persistence of an obvious unit membrane. Con-
versely to necrotic epithelial and endothelial cells
whose normal turnover is rapid, and which are elimi-
nated in urine or phagocytized, necrotized smooth
muscle cells remain included within extracellular
material. The presence by immunofluorescence of
deposits of C3 is probably nonrelated to immunologic
mechanisms but secondary to a non-specific trapping
in the vascular lesions. In the older patients, intimal
thickening is superimposed on muscular changes
(Table 2). The other degenerative changes may be
the result of the arterial lesions, as it has been sug-
gested previously by some authors [4, 21, 30].
Degenerative glomerular changes, especially wrin-
kling of the glomerular basement membrane, do not
seem to be related primarily to the extension of lipid
storage but may be partly due to ischemic damage.
Clear subendothelial deposits are seen commonly, as
in other renal vascular diseases. In addition, necrosis
of mesangial cells could participate in the develop-
ment of glomerular sclerosis. Likewise, tubular atro-
phy may result partially from ischemia.
In two of our three heterozygous patients, renal
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Fig. 11. Patient 12) Electron tnicrograph: Tubules. Shrunken tubule exhibits a very mild lipid storage. The tubular basement membrane
(TBM) is wrinkled. Cellular debris (—*) are present. Interstitial and endocapillary cells are free from lipid storage (x5,500).
lipid storage was demonstrated. By light microsco-
py, storage lesions were less severe in these two
heterozygotes than in hemizygous patients (Table 2).
By electron microscopy, the important point was
that involvement was not diffuse to all glomerular,
interstitial, and vascular cells. Two populations of
cells were intermingled: some were normal; in oth-
ers, the glycolipid accumulation was as important as
in hemizygous patients. These observations are con-
sistent with the findings of Romeo and Migeon on
fibroblast cultures [41]. In previous reports, lipid
storage was always observed in the few studied kid-
neys from heterozygotes: accidental nephrectomy
[42], autopsy material [4, 7, 12, 15], and renal biopsy
specimens of three asymptomatic females [10, 28,
32] ranging in age from 3 to 17 yr. Glycolipid accu-
mulation was said to be similar to that found in
hemizygous patients [4, 151 or milder [32]. In most
heterozygous patients, even though renal involve-
ment was demonstrated [4, 10, 15, 28, 32, 42], uri-
nary symptoms were lacking. Proteinuria andlor hy-
pertension, however, have been found in some cases
[4, 6, 12, 23, 43], and renal failure leading to death or
hemodialysis developed in six patients ranging in age
from 35 to 64 yr [5—10]. It has been suggested that
more severe clinical symptoms appear in carrier fe-
males with the lower leucocyte or serum enzyme
activities [3, 91.
It should be recalled that beside CTH, a ceramide
dihexoside (CDH), the digalactosylceramide accu-
mulates in excess in pancreas and kidneys of hemizy-
gous males with Fabry's disease [1]. No information
is available on the intrarenal site of CDH storage or
on the glycolipid content of heterozygous kidneys. In
urinary sediment, which probably reflects the renal
(and urinary) epithelial storage, CTH predominated
in hemizygous patients, while in heterozygous
patients, CDH seemed to be as high as CTH, or
higher. These data, however, have been questioned
since they have not been confirmed by gas chroma-
tography analysis [44], and urine CDH may also
result from urine leucocytes which are rich in this
glycolipid [2—41.
We assume, from a-galactosidase activity determi-
nations in leucocytes and hair roots, that patient no.
11 is a heterozygous female. The gene defect was
.' rn'a
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transmitted by her mother who has a 50% leucocyte
enzyme activity. We have no evidence that she is a
carrier since she has no progeny so far. Surprisingly
enough, the renal ultrastructural study did not reveal
any lipid storage (including studies of skin and con-
junctival biopsy specimens). This lack of histopatho-
logical change is compatible with Lyon's hypothesis
[45] which postulates that in each cell from females,
one of the two X chromosomes is functionally inac-
tive; once an X chromosome is inactivated in a
developing cell, all progeny of that cell maintain the
same inactive X. Moreover, our morphologic find-
ings in the two female patients (patients 10 and 12)
confirm the fact that the X inactivation occurs at
random in and within each tissue. The absence of
storage in patient 11 might well be the result of X
inactivation in an earlier stage of cell differentiation.
In patient 11, the normality of renal tissue is also
very interesting because it is associated with a nor-
mal urine a-galactosidase activity. This data strongly
suggests that urine a-galactosidase originates from
renal cells and probably from glomerular epithelial
cells. This hypothesis is supported by post-trans-
plantation measurements [48] and by a previously
reported observation [46]: in the transplanted kidney
from an asymptomatic carrier of Fabry's disease in a
nonaffected recipient, repeat biopsies showed the
presence and the persistence of the characteristic
storage lesions in glomerular epithelial cells; cellular
glycolipid accumulation was associated with a low
urine a-galactosidase activity. With the local enzyme
level being most critical in determining tissue glycoli-
pid accumulation, urine enzyme activity determina-
tion might be used, therefore, in heterozygous
females in order to predict the extent of renal lesions.
The demonstration in heterozygous patients of two
types of cells with and without lipid storage (obser-
vations 10 and 12, respectively) casts some doubt on
the eventual benefits of enzyme replacement therapy
in Fabry's disease, the theoretical basis for which is
the possible enzymatic colonization of lysosomal
apparatus of affected cells: neither an average 50%
a-galactosidase activity nor the contiguous presence
of normal cells are able to remove accumulated gly-
colipids from tissue. After earlier enthusiastic re-
ports, recent data have shown no evidence for a
specific breakdown of accumulated CTH, and for a
signfficant restoration of a-galactosidase A activity
after renal transplantation in Fabry's disease [47-49].
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